method has been to use 041 c.c. of 10% potassium oxalate for each 5 c.c. of blood, this volume being partly in the syringe, where it prevents coagulation or haemolysis, and partly in the tube. As coagulation of even the slightest degree renders the test valueless, oxalate in the syringe is highly desirable, especially when dealing with deformed arms and difficult veins, as in rheumatism.
The second method is the use of a measured volume of isotonic citrate, one part of citrate solution being added to four parts of blood. Following this treatment the red-cell concentration is lowered and the rouleaux-forming principle of the plasma is diluted-two very important modifications of an already complicated system. Lowering of the red-cell concentration accelerates the rate of fall, and dilution of the plasma causes slowing. Fahraeus (1921) showed that dilution of plasma by 20% could produce a very great slowing of the rate. If one part of citrate be added to 4 parts of whole blood the plasma dilution is approximately 1: 3, since the cells remain apart.
A comparison between undiluted oxalated and diluted citrated blood was made in 46 cases. Blood was drawn in the same syringe without anticoagulant, and part was added to oxalate and part to citrate. Sedimentation rates were estimated in the Westergren tube. The results are shown in Table I . In most cases the retarding effect of plasma dilution appeared to outweigh the accelerating effect of diminution of red-cell concentration. 2. 10% potassium oxalate 1 part, to blood 60 parts. Westergren (200 x 2.5 mm.) tribes used for all tests.
Cases
Fall greater in oxalated blood after 1 hr. and 2 hrs.
... 27 Fall equal in 1 hr. greater in oxalated at 2 hrs.
...7
Total in which oxalated showed higher rate ... 34
Fall equal in b)th 1 hr. and 2 hrs.
... ... ... 5 Fall greater in citrated blood after 1 hr. and 2 hrs.
... 7 Where oxalated more rapid, mean difference = 64 mm. Where citrated more rapid, mean difference = 3.5 mm.
Where dilution with citrate is practised it must be recognized that the rate recorded is an artificial one, being usually slower than with whole blood of the same patient.
Tube diameter.-The following tubes have been used:
(1) Zeckwer and Goodell (1935) . A conical centrifuge tube graduated in c.c. and tenths. This is filled to the 10 c.c. mark and readings are made of the R.B.C. volume in c.c. expressed as a percentage of the whole. The maximum bore is 15 mm. The height of a 10 c.c. column is 74 mm. A fall of 10% represents 5-5 mm. at the upper end of the tube.
(2) The We3tergren tube as obtained commercially. The length is 200 mm., graduation being in millimetres. The internal bore in the tubes used varied from 2-4 mm. to 2-7 mm. The usual diameter is 2-6 mm. Readings are made of supernatant plasma in mm.
(3) An improvised" 5 mm. tube ", made from 5 mm. bore quill tubing, sealed flat at the bottom. A mark is etched 100 mm. from the bottom. Readings of the length of supernatant plasma are made by means of a millimetre scale.
(4) The Wintrobe tube, on which the previous tube was based. This is 3-5 mm. in diameter and is graduated in millimetres. It is designed to be used as a hamatocrit tube as well as a sedimentation tube. The S.R. is read in millimetres of clear plasma; a second scale is provided for reading off the red-cell volume. A large series of parallel tests has shown that there is no constant difference in the rate of fall between the 5 mm. and 3.5 mm. tubes.
Method of reading.-In this series all tests have been read at half-hourly intervals for two and a half hours. The method of Rourke and Ernstene (1929-30) , where the rate is noted at very short intervals so that the fall in mm./min. during the most rapid period can be estimated, has teen found difficult to apply when 12 to 20 tests are being carried out simultaneously.
Influence of tube diameter. Fahraeus (1921) used a tube 9 mm. in diameter, but since then, in an effort to reduce the volume of blood required, tubes of narrower bore have been used. A number of experiments have been carried out with tubes of different diameters. These show clearly that a marked delay occurs in tubes of about 2 mm. diameter. This is not invariable and where anaemia is present it is not found. The results suggest that the factors of tube-diameter and red-cell volume are intimately associated. Table II shows howtube diameter influences the rate. Oxalated blood was tested in 4 tubes of bore 8 mm., 5 mm., 3 mm., 2 mm., respectively, the height of the blood column being 100 mm. in each case. It will be seen from Table II that the one-hour fall in the 2 mm. tube is less than half that in the 3 mm. tute. ReFeated tests have indicated that in bloods of approximately normal red-cell content the limit of tute diameter which will permit free fall lies between 2 and 3 mm. It should be noted that the Westergren tubes obtainable commercially in this country have a bore of 2-6 mm., though variations above and below this are not uncommon.
Red-cell volume.-Fahraeus (1921) noted the profound influence of anaemia on the E.S.R. In one experiment he reported how the rate was doubled following a fall in red cells from 5 million to 4 million per c.mm. The fact of the importance of anaemia has been admitted by all, but the tendency is to shirk the complication which correction introduces into the test.
The following experiment, one of many, may be cited to show the magnitude of this influence :-A specimen of oxalated blood was taken and 5 moieties w ere pipetted into small test tubes. From a centrifuged sample of the same blood, cells or plasma were added to give a considerable range of red-cell concentrations. Westergren tubes were filled from each, and at the same time the red-cell volume of each was ascertained by centrifuging. The results are shown in Table III . It should be noted that red-cell volumes of 'G6% to 47 0 are of ever day occulrrence in rheumatism, and the blood of the same patient may readily show considerable variation Mithin this range. In this case the one-hour fa,ll ranged from 3 to 83 mnm.
Evidence of the effect of the interrelated factors of red-cell volume and tube diameter is seen in the following scatter diagrams of unselected routine tests. Fig. 1 shows the good correlation between results of two methods where a tube of adequate diameter is employed, viz. Zeckwer and Goodell and 5 mm. tubes. It must be emphasized that these tubes are of different length, and one is read in terms of red- 
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When dilution with citrate is employed the discrepancy is accentuated ( fig. 5 ).
In all, 2,116 routine tests have been carried out in parallel, in Zeckwer and Goodell, One's impressions of the three methods of estimating the uncorrected rate may be summed up in this way. The best is probably the Zeckwer and Goodell method as modified by Race (1929) . Seldom diverging from this are other tubes of reasonably wide bore, e.g. 5 mm. or Wintrobe tubes. The Westergren tube gives erroneous results due to delayed fall in 5 to 10% of cases.
Methods of correction for ancemia.-Many methods have been suggested for the standaraization of the E.S.R. so that adjustment for variations in the red-cell content may be readily made. Nearly all consist in the estimation of the rate in the original blood and correction by the use of a curve constructed from experimental data [Gram (1928) , Rourke and Ernstene (1929-30) , Wintrobe and Landsberg (1935) , Walton (1933), and others]. Walton suggested as an alternative to the use of a graph the correction of the red-cell count before estimation of the E.S.R. He proposed that the red count be ascertained and that the count be then adjusted to 5 million per c.mm. by addition or subtraction of plasma. The method is one which appears to be eminently reasonable. The test involves two reagents, red cells, and plasma. The results of tests should be more comparable one with another if the reagents are present in the same proportions. This method has been tested in parallel with the three uncorrected methods and with Wintrobe's method of correction ( fig. 1 ). The first practical difficulty in hospital work was the counting of 12-20 bloods before the sedimentation tests could be put up. This proved laborious but not an insuperable difficulty. More important was the fact that in rheumatoid arthritis the anaemia is essentially a hypochromic one of low colour and volume indices. A recent case (male) showed a red-cell count of 5*2 million, haemoglobin 70%, and haematocrit reading of 33%. His red count would require that the blood be diluted, while his obvious aniemia in respect of haemoglobin and red-cell volume called for a removal of plasma. In practice, therefore, correction for a red-count proved difficult to justify and not altogether satisfactory.
Correction for red-cell volume by Wintrobe's method has been used for a series of over 2,000 routine tests, as well as for a large number of experimental observations on artificially modified blood. A column of blood 100 x 3*5 mm. is observed at the end of one hour and the fall of red cells noted. The tube is then centrifuged and the redcell volume is ascertained. As 20 or more of these narrow tubes can be spun at once in a centrifuge capable of taking small test tubes, the method is a very rapid one.
The observed fall and haematocrit volume are then used in conjunction with Wintrobe's correction chart, and the theoretical fall for any other hiematocrit reading may be ascertained. Wintrobe proposed 42% as standard R.B.C. volume for women and 47 % for men.
In practice this method gives very uniform results over a considerable heematocrit range. Deviations of the observed from the expected rate occur when the red-cell volume is very high or very low (Table IV) . In other words, a male's blood with normal red-cell volume (47%) does not fall freely even though its plasma possesses abundance of the rouleaux-forming principle. Wintrobe himself noted this but pointed out that in pathological conditions the redcell volume is rarely normal. In gout, however, this state of affairs frequently exists. In a recent case a haematocrit reading of 54% (i.e. 7% above normal) was found to mask completely a very marked increase in S.R., which would have been undetected if the blood had not been retested after dilution with the patient's own plasma. At the other end of the scale very active disease in a markedly anaemic patient causes the red cells to fall so rapidly that the possible fall may be completed twenty minutes after the test is set up. The one-hour reading required by the Wintrobe method is thus relatively a very low estimate of the true fall per hour, and the corrected rate is thus again unduly low.
For bloods of red-cell volume outside the 32 to 42% range the only possiblecorrection method appears to be adjustment of the red-cell volume before the fall is& observed-the principle employed by Walton.
To obviate the major fallacies in the test one would suggest:
(1) Use of oxalated blood with minimal or no dilution.
(2) Use of a tube at least 3-5 mm. in diameter. Length is not of great importancebut 100 mm. is a suitable figure, allowing as it does a fall of 50 mm. before packing commences; 200 mm. would perhaps allow more latitude but it would require much blood if the tube-bore were adequate and it could not be centrifuged.
(3) Correction for red-cell volume. The method at present being used with promising results is a combination of the-Gram-Wintrobe method of correction for haomatocrit reading with the Walton principle of adjustment of blood before estimating the rate. The steps are as follows-(see fig. 6 ):-(a) The oxalated blood is thoroughly shaken and a Wintrobe or 5 mm. tube is. filed and centrifuged to ascertain the red-cell volume. At the same time 5 c.c. are pipetted into a small test tube.
(b) Having ascertained the haematocrit volume, the 5 c.c. sample is adjusted to a red-cell content of 40% by addition or removal of plasma, the 5 c.c. volume being in practice brought to one-eighth of the haematocrit reading in cubic centimetres. 40% is chosen arbitrarily as being an R.B.C. concentration in which fall occurs freely in a tube 5 mm. in diameter. (c) The adjusted blood is then thoroughly shaken and a Wintrobe or 5 min. tube filled. The fall in one hour is then ascertained and reported as " corrected sedimentation rate (40%) ".
The Arneth Count in the Rheumatic Diseases
At the time when blood was taken for the S.R. a blood-film was made. All fims. were made, stained, and counted by me personally. The Cooke and Ponder standard was rigidly adhered to and Cooke-Arneth and differential counts were made on each fim. Two hundred cells were counted for the differential count. This is admittedly a small number, but it was hoped that uniformity in making and traversing the fimswould compensate for the sampling error involved.
Results.-At an early stage of the work the wide spread of the results was noted. Though shifts to the left were common there were some remarkable exceptions.
In Table V are shown contrasting cases, both clinically typical of rheumatoid arthritis. One shows a shift to the right, such as is found in pernicious anaemia, and the other a shift to the left, of an order consistent with acute sepsis. In the group of rheumatoid arthritis weighted means from 1X4 to 3X2 were observed.
Such results indicated that only by means of statistical treatment of large numbersof cases could any approximation to the true neutrophil picture be achieved. This involved a series of normal counts from which differences and their significance could be calculated. Fifty-five counts of healthy adults were made. The subjects were 316 .201 -physicians, nurses, office staff, massage staff, and others, all of whom were in good health, without history of recent illness. No elaborate selection was attempted, as it was realized that the average hospital rheumatic patient is not, apart from his rheumatism, a person of superlative physical fitness. The normal count, fixed by Cooke and Ponder as 2 75 in carefully selected healthy subjects, is now known not to hold for all parts of the world (see Table VI ). The factors concerned in producing these alterations have been carefully studied by the authors mentioned, but no final conclusions as to the precise cause have been reached. It is clear, however, that no valid comparison is possible between any series of Cooke-Arneth counts in disease and a hypothetical normal which may have a very local significance.
The average weighted means are given in Table VII , in which the standard deviation, standard error, and coefficient of variation are also tabulated. It will be seen 
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2-331 0*3183 0*0335 13-66 $ 10 cases of osteo-artbritis of femur with cysts showed a mean of 2-464 with = 1049 and v = 43%. The range was 1-68 to 2-73. that differences between the averages are not great among the various groups. Applying the usual test of significance of difference, it can be shown that rheumatoid arthritis and osteo-arthritis show a significant shift to the left as compared with normal. The differences noted among fibrositis, spondylitis, and normal are explicable as the result of chance. Weighted means in rheumatoid arthritis and osteo-arthritis are not significantly different from one another. 
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As a left shift is found to exist in rheumatoid arthritis the question may be askedc if the weighted mean is correlated with any other laboratory finding in cases of that, disease. Coefficients of correlation were calculated as shown in Table VIII . In assessing the significance, the criterion of twice the standard error of the coefficient was used. If the value for r exceeds this the relationship was probably not theresult of chance. The rather surprising result is seen that the only significant correlation is with the polymorph neutrophil percentage and that the coefficient has a positive value, i.e. as. the neutrophil percentage increases, the weighted mean also increases, and this implies. a shift to the right. As will be shown later, the polymorph proportion is significantly higher in rheumatoid arthritis than in the normal controls. Thus as the polymorph proportion moves from the normal the Arneth count moves towards the normal.
Similarly, as the lymphocyte percentage falls, the Arneth count moves to the right.
Other indications pointing in the same direction may be seen in the table. The sedimentation rate (Zeckwer and Goodell method in which low values indicate a high rate) shows a negative correlation with the weighted mean as also does the hxmatocrit reading in both males and females. Thus, as S.R. and anemia increase, there is a tendency for the Arneth count to move to the right.
This was noted at an early stage in the work, and subsequent clinical observation has suggested that a normal weighted mean or right shift is a bad prognostic sign in an established case. The absence of significant correlation between Arneth count and E.S.R. in rheumatoid arthritis was further emphasized by a study of cases in which tests were repeated at intervals of a month or more (see Table IX ). As the E.S.R. is. the proved criterion of activityin rheumatism, it must be concluded that this complete absence of correlation is a strong argument against the value of the Arneth count in the study of the results of treatment. Increase of E.S.R. and deflection of the polynuclear count appear to be measures of independent abnormalities in this group of diseases.
The Houghton Index in Rheumatic Disease
This simple numerical expression of the activity or otherwise of tuberculosis is derived from a consideration of S.R., Arneth or Bonsdorf count, and the differential leucocyte count.
It has been shown that the Arneth count is not a universally applicable criterion for expressing activity in rheumatism since the worst cases may have normal counts.
The differential count remains to be considered. The means are given in Table X . As with the Arneth count, the spread of the figures was very great, but no attempt will be made to report the complete statistical findings.
It is sufficient to say that:-(1) Regarding neutrophils, the mean percentages in cases of rheumatoid arthritis and spondylitis are significantly greater than normal.
(2) Regarding lymphocytes, the mean percentages in rheumatoid arthritis and spondylitis are significantly less than normal.
(3) All the other mean percentages reported are not significantly different from the corresponding normal value.
Cases of rheumatoid arthritis appear to be divisible into two ill-defined groups, according to their white cell picture (see Table XI ). The lymphoid type, with a, 
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neutropenia of varying degree, is associated with a shift to the left; the extreme example of this type is seen in Felty's syndrome, as in the recent cases described by Collins (1937) when the white-cell picture simulated agranulocytosis. These findings are consistent with infection. The second type is more difficult to explain; although the patients are antemic and emaciated with every evidence of toxiemia, they show a polymorph preponderance with a shift to the right of the Arneth count. Toxins, if present, appear to attack the lymphocytes, while the polymorphs grow old and relatively numerous. These findings are unlike those in any infective process. It is difficult to see that the leucocyte picture in rheumatism, taken as a whole, gives evidence either for or against an infective aetiology. If any conclusion is possible it is that the E.S.R. remains of outstanding importance as a test of success or failure in treatment. It appears, therefore, to be essential that every precaution be taken to ensure the accuracy of that test so that it may be a method for precise quantitative measurement and not, as at present, a more or less vague qualitative test.
Dr. L. C. Hill: The subject of this discussion has probably not escaped criticism from those who would confine our scope to the immediate problems of physical medicine, but all those who practise physical medicine must be brought constantly into contact with the rheumatic group of diseases, and in order that physical treatment shall be intelligently administered, some reliable diagnostic test and if possible, some therapeutic measuring-stick, is necessary.
From this standpoint alone, and there are many others, the inclusion in the programme of such a discussion as this is justifiable, and in this connexion I would remind members of a phrase in our president's opening address in which he solemnly exhorted us to " widen our horizon so as to include medicine ".
Uses of the Polynuclear Count
Unfortunately at the moment there is a complete lack of any reliable specific diagnostic test for the various rheumatic diseases, but certain methods exist whereby clinical observations on progress and the value of treatment can be confirmed or otherwise. These tests have been used with varying success in different hands.
The most important so far are undoubtedly the sedimentation rate of the erythrocytes, the nuclear count (a determination of the number of younger or more immature polymorphs in the blood), the Vernes resorcinol (flocculation) test, and the agglutination reaction.
Recent work by Short, Denis, and Bauer has endeavoured to evaluate the accuracy and usefulness of these four tests in a series of cases of rheumatoid arthritis.
The results show a high degree of correlation between the sedimentation rate and the Arneth count, the former being slightly ahead in accuracy (92% to 87%). Both are entirely non-specific, but are far superior to the other two, as regards the diagnosis of activity. The Vernes test showed up badly, being inaccurate in 50% of cases as well as non-specific, while the agglutination test, from which much was expected on account of its claims to being specific, was also only accurate in about half of the cases. The disappointing lack of uniformity in the results obtained by different workers using the agglutination test renders it of little value as a routine investigation.
Various forms of immature polymorphs.-The basic idea behind the nuclear count is the estimation of the maturity of the polymorphs, and I propose to run the risk of boring you with some elementary facts about the early life of, and the various steps in the development of, the polymorph.
The granulocytes (neutro-, baso-, and eosinophilic leucocytes) arise outside the blood-vessels in the marrow and pass into them by virtue of their own mobility. The cell from which they arise is a matter on which there is considerable difference of opinion, but is generally considered to be the reticular cell which occurs sparsely in the interstices between the fat cells. The cytoplasm of these cells is only faintly basophilic and has no granulation. The nuclei stain poorly and are virtually invisible. The primitive free cell is derived from the reticular cell by repeated division and is similar, save that it is more basophilic.
The myeloblast is the next stage. Here basophilia reaches a maximum and there are no granules. The nucleus is relatively large and of fine chromatin structure 25 Section of Physical Medicine 321 containing nucleoli. The cells vary in size, but the majority are large, and are essentially typical of myeloblastic leukeemia.
The myelocytes differ mainly in the amount of granulation in the cytoplasm. The nucleus becomes smaller and gradually loses its fine chromatin structure and its nucleoli, and the cytoplasm develops granules and becomes less basophilic.
The metamyelocyte is a cross between a myelocyte and a polymorph. It is a convenient term in which to describe the stage when amceboid movements begin.
The cell is often found in the normal blood, although it is essentially a marrow cell. It differs from a myelocyte by the indented nucleus and from the leucocyte by its larger size. Thereafter the cells are of approximately uniform size due to the cessation of all division, and are functionally mature leucocytes. Leucocytes enter the blood-stream rhythmically with hourly accessions and a larger rise in the afternoon. They are ameboid to begin with, but as they become older their mobility lessens, and the senile leucocytes are non-mobile. The nuclei gradually split up, the lobes becomes differentiated, and the junctions gradually contract to the point of becoming a mere chromatin filament. The senile leucocyte is fragile and easily ruptures, and the granules stain poorly. Senile non-mobile leucocytes appear in the blood in showers, indicating that part of them die in the blood-stream but part pass out into the tissues to die.
Methods

Various methods have been described:-
(1) The Schilling count.-This includes the various forms of myelocytes and the metamyelocytes, the younger with the slight indentation and the older with the pronounced indentation. These are added together and the total is expressed as a percentage of the whole polymorph count.
(2) The Arneth count.-Here the number of lobes is counted independently of any connecting tissue, whether broad bands or fine filaments. The result is expressed as the average number per polymorph.
(3) The Cooke-Arneth count is a modification of the Arneth count. Here the nuclear lobes, in order to be counted, must not have more than a fine chromatin filament as the connecting link.
(4) The filament-non-filament count. This is less well known than the others and appears exclusively in American literature. It consists of an estimation of the ratio between those cells with filamentous junctions and those without.
The technical difficulties are so great that the results must always depend on the personal equation. One of the main problems is that of deciding whether the connecting link is a fine thread, two fine threads, or a bar. The polymorphs are spheres and not discs, therefore the plane of examination may result in two nuclei being superimposed.
In 1929 I endeavoured, by applying the Arneth count as modified by Cooke to the rheumatic group of diseases, to ascertain its value as a clinical test. The result showed a considerable dislocation to the left in infective arthritis, a slight shift in subacute rheumatism (including convalescence from acute rheumatism), in menopausal arthritis, and in gout, and virtually no change in fibrositis.
Unfortunately on that occasion I failed to include osteo-arthritis in the investigations.
The number was too few (only 5-0 cases in all) to be of any real value except to stimulate interest in the then little-used method.
The phrase " shift to the left " refers to the increased proportion of immature polymorphs. It is known to occur in all types of infective disease and also in certain toxic conditions such as diabetes, nephritis with uromia, &c. In rheumatoid arthritis the shift occurs in the absence of any increase, or even with a possible decrease, in the total cell count, as also in typhoid fever. The more rapid destruction of the more mature forms or some interference with the process of maturation would appear to explain the phenomenon more satisfactorily than an increase in bone-marrow activity.
At that time I concluded that the Cooke-Arneth count gave a roughly accurate picture of the infection present and corresponded closely with the sedimentation rate, the ease with which the one drop of blood required for the test could be obtained as compared with the occasional difficulty in arthritic patients of finding an adequate vein, enhancing its value in certain cases. A series of 48 cases of rheumatoid arthritis (Table I ) and 20 cases of osteo-arthritis of the hips (Table II) has been studied, from the point of view of the sedimentation rate and the Cooke-Arneth count.
In all the rheumatoid cases the suspension stability level was below 82%, the average being 53.9, and only eight were above 60%. The normal level in health is about 95%. In the same group of cases the highest weighted mean was 2-38 and the lowest 1-50, the average being 1-91. Only 13 were above 2-00 and only 4 above 2-20. The normal in health is 2-50 or over.
The rheumatoid arthritics were treated for six to nine weeks with baths, physiotherapy, and gold, and both tests were repeated at the end of this period.
In 20 cases of osteo-arthritis the Cooke-Arneth count varied between 1-50 and 2-97, the average being 2-09. Ten were above 2-00 and six above 2-20. In only 12 of this group was the sedimentation rate estimated, and it varied between 48% and 98%o with an average of 74-3%.
These cases of osteo-arthritis of the hips were treated by baths, physiotherapy, and arsenic by mouth to the limit of toleration. No appreciable effect could be noted in either the Cooke-Arneth count or the sedimentation rate at the end of this period.
My ow-n impressions of some of the significant points arising out of these figures are as follow-s:
(1) There is a significant shift to the left in the Cooke-Arneth count in both rheumatoid arthritis and osteo-arthritis. In the case of rheumatoid arthritis the shift is more pronounced and more consistently present.
(2) The degree of shift to the left in rheumatoid arthritis is paralleled by an increase in the sedimentation rate. The shift in osteo-arthritis, though less than in the rheumatoid group, is proportionately greater than the increase in the sedimentation rate.
(3) The greatest shift to the left in osteo-arthritis appears to occur in those cases in which evidence of cystic areas is apparent by X-ray. Not enough cases have been exainined to dogmatize.
(4) The effect of six to nine weeks' treatment of 48 rheumatoid arthritics by baths, physiotherapy, and gold tends to produce a slight improvement in the sedimentation rate at the end of that period. This improvement, in the majority of cases, lags behind the clinical picture. There is some evidence to hand that in three or four months' time that lag is made up and an appreciable improvement in the sedimentation rate occurs.
(5) The Cooke-Arneth count is not significantly altered by the same treatment over the same period. If anything there is a deterioration or increased shift to the left. The tendency for improvement to occur at the end of three or four months, as in the case of the sedimentation rate, is not evident.
(6) The number of cases of osteo-arthritis undergoing arsenic treatment in addition to physiotherapy is too small to warrant conclusions, but there appears to be no significant effect upon either the sedimentation rate or the Cooke-Arneth count.
( 7) The sedimentation rate appears to be more valuable, both as a diagnostic test and a therapeutic measuring-stick. In the latter case, however, it appears to lag behind clinical evidence of improvement. I entire agree with Dr. Gibson with regard to the relative accuracy of the centrifuge tube method of estimating the sedimentation rate as compared with the Westergren and capillary tube methods.
(8) Any correlation between the sedimentation rate and the Cooke-Arneth count is too low to have any real significance.
(9) No cases of a shift to the right in rheumatoid arthritis, similar to those described by Dr. Gibson, have been met with. This may possibly be due to the fact that at the Devonshire Royal Hospital we do not see the very early acute cases since the hospital is run on ambulatory lines, and there is usually a sixor eight-weeks' waiting list.
[I have to thank Mr. J. Race, Biochemist at the Devonshire Royal Hospital, for his advice and help in this investigation.]
Dr. Douglas H. Collins: I have recently made observations on the total and differential leucocyte count, the ,Arneth count, and the sedimentation rate (S.R.)
in persons with chronic rheumatic disease, immediately before and after single applications of certain physical treatments. I have also made Arneth counts at weekly intervals on rheumatic patients undergoing courses of physical treatment and on other persons suffering from osteo-arthritis of the hip-joint. The results of these observations will here be described and briefly discussed. Laboratory technique.-Total white cell counts were made from 1: 20 and 1: 100 dilutions of blood in double Neubauer counting chambers. Differential counts were made from 300 cells in Giemsa-stained smears. The Arneth count was performed according to the technique of Cooke and Ponder (1927) , and is expressed as the weighted mean of the polynuclear count, or average number of nuclear lobes in each polymorph.
A low weighted mean (W.M.) thus indicates a " shift to the left " of the Arneth count. A W.M. of 2 40 or more is considered normal. The sedimentation rate of erythrocytes has been determined by the technique of Walton (1933) , which employs a graduated parallel-sided tube 6 mm. in diameter into which 1 c.c. of citrated blood (1 part of 3.8% citrate to 9 parts of blood) is introduced, and this forms a column of blood 32-5 mm. in height. The S.R. is expressed as the fall in millimetres at the end of one hour when the corpuscular content of the blood has been corrected to a standard of 5,000,000 cells per c.mm. A sedimentation rate of 5.5 mm./hr. or less is normal, and the maximum rate we have ever observed was one of 210 mm./hr. Simultaneous tests have also been made in many cases by the Westergren method, but these results, which were somewhat anomalous, are not recorded here.
The immediate effect of a sfingle phy8ical treatment on the blood leucocytes, Arneth count and S.R.-Blood was collected from the ear for purposes of cell count and smears, and from an arm-vein for S.R. immediately before and about five minutes after 29 treatments given to 28 patients. The results are shown in Table I . The total and differential cell counts were repeated at intervals of from one to twenty-four hours after the treatment in some cases. The treatments concerned were: 10 immersion baths (saline sulphur water-102°F.-20 mins.) ; 3, general dry massage; 7, wet massage (Vichy massage douche) ; 5, radiant heat to a large area of body surface; 3, general diathermy; 1 Berthollet steam-bath for upper and lower limbs.
The reactions to these various forms of physiotherapy did not differ materially from group to group and may, therefore, be considered together. The majority of patients showed an initial leucocytosis which was apparently not due to any physiological cause. In 5 instances there was no significant alteration in the total number of W.B.C., in 4 instances there was an increase, and in 16 there was a decrease in the total leucocytes, which sometimes fell to 40% of the initial count. In those cases in which the total leucocyte count fell, the polymorph percentage also fell significantly in 6, remained the same in 9, and rose in one. Fall in the polymorph percentage was noticed in one instance when the total W.B.C. increased, in 2 instances when the total W.B.C. remained at the initial level, and in 2 cases in which numerical counts were not made. The total number of leucocytes decreased in 14 out of 19 patients (74%) with an initial leucocytosis (more than 10,000 per c.mm.), and in 2 out of 6 patients (33%) with a normal initial leucocyte count.
It may be concluded, therefore, that in these forms of physical treatment, none of which demand active exercise and all of which tend to promote physical and mental relaxation, a fall in the total leucocyte count is a frequent immediate reaction, that this fall affects all types of leucocytes but sometimes the polymorphs more than others, and that this type of reaction is especially frequent and pronounced when there is an initial leucocytosis. In this connexion we may recall the work of Martin (1932) who demonstrated the immediate numerical rise of leucocytes after active exercise, and of Garrey (1929) who found that a recumbent posture. with complete mental and physical relaxation, reduced the number of leucocytes to a minimum. Subsequent tests on some of these subjects showed that the reduction in the number of leucocytes was a temporary effect and that increase occurred again within one hour of the completion of the treatment; probably the result of resumption of muscular activity.
The effect of treatments on the leucocyte count proved of greater interest than their effect upon the Arneth count, though this latter was the first object of our investigations. Allowing for a 5%0 experimental error in the W.M., phvsical treatments only brought about a " shift to the left " once and a " shift to the right " once, a fact which shows that neither the young nor the mature polymorphs are specifically affected in the numerical alterations.
The S.R., likewise, was not materially affected by any single treatmeint. In 5 instances it was slightly increased, but these increases never exceeded 2 -5 mm.i hr., and are of little significance. The A rneth count in osteo-arthritis of the hip.-In a previous publication (Collins 1936) it has been shown that a well-marked " shift to the left " is quite often found in osteo-arthritis of the hip, and that this is associated with the radiographic demonstration of many, or large, cyst-like areas of rarefaction in the bones forming the affected joints. These results have now been confirmed by the examination of a further 17 cases, and the incidence of " shift to the left " in the total of 34 cases is shown in Chart II. Cystic areas of rarefaction were described by Thomson (1929) , and have been identified in 20 out of the 34 patients with " morbus coxae senilis " that are here reported. Their obvious presence is often associated with pain and progression of the arthritis. Osteophytic outgrowths, narrowing of the joint-space, and moulding of the head of the femur may co-exist with these cystic areas. Their demonstration is often missed owing to the use of a ray not sufficiently penetrating to show the internal structure of the bone. Pathological examinations of these cysts have been few, but it appears that they are degenerative rather than inflammatory in origin, and they are not of the osteoclastomatous nature of some other bone cysts. In the 14 "non-cystic " cases, the bone usually appeared more sclerotic, and these mav represent a later or healing stage of the same disease process, or possibly they may be of a quite different aetiology. None of these cases showed any resemblance to the atrophic or rheumatoid type of arthritis. The S.R. is usually low in both types of osteoarthritis and was rapid in only one patient (a " cystic " case) so tested. We cannot assume that the " shift to the left " indicates the infective nature of this disease of the hip-joint. There is no pathological substantiation for this, but it is now clear that true osteo-arthritis of the hiip is quite distinct from the simple " osteophytosis " around joints or spine, to which the term osteo-arthritis should never be applied; the Arneth count may continue to prove of value in their differentiation. Experience with the Arneth count in this disease also suggests that the count may be influenced by a local bone pathology which is quite independent of the general condition of the patient as reflected in the S.R.
Comparison of S.R. and Arneth count as a clinical laboratory test in the rheumatic diseases.-l do not consider that the Arneth count is as satisfactory a test in its clinical application as is the sedimentation test. It is less rapidly restored to normal with clinical improvement and I have elsewhere shown (Collins: 1936) that it may remain deflected to the left in cases of rheumatoid arthritis of great chronicity. It has very little prognostic significance in chronic rheumatism and local bone pathology may cause an abnormality of the Arneth count which is not consistent with any strict clinical interpretation that may be put upon it. Although, in my experience, there is a rough correlation between " left shift " and increased S.R. in a series of cases, wide discrepancies may be met with in individuals. A standardization of technique for estimating the S.R. is, however, much needed, especially by Mworkers in the rheumatic field. I believe that a method using a wide-bore tube and a short column of blood, as in the Walton method, gives more consistent results than does the use of a long narrow tube, as in the Westergren test. The results ought to be expressed after correction for abnormal corpuscular content of the blood has been made. hospital, and in 17 of them Dr. Collins also carried out three or four additional estimations during their stay. The Walton method was used in each case.
All the cases were under my own care, and though no effort was made to give a uniform type of treatment I was interested to find on looking through the notes that only two cases did not have the sulphur waters to drink, and all except two had sulphur baths. In addition to the above, all had either the magnesia water and Kissengen water to drink and some form of local physical treatment such as Berthollet steam baths, paraffin wax, radiant heat, and massage. In 5 cases a course of gold treatment was started in the hospital in the form of solganol, but no case received more than 6 injections and 5 cases had injections of oestroform or progynon. Two cases had courses of induced hyperpyrexia, colloidal sulphur being used in one and intravenous T.A.B. vaccine in the other.
I have divided the cases into two groups. The first group (Table I) did not have glucose and the second group (Table II) 
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Patients in this series were given 100 grammes of glucose a day for fourteen days in addition to the ordinary hospital diet. * Indicates the cases in which the joints were worse during the glucose administration. Four showed improvement in the sedimentation rate on leaving. + -36% as compared with 76% in last series. Average stay in hospital thirty-eight days.
Consideration of the first group shows a definite improvement in the sedimentation rate of 13 out of the 17 cases. For brevity I have assessed the degree of clinical improvement by means of plus signs. In doing this the patient as a whole was taken into consideration and not only the improvement in the joints. In this I pay great attention to the sweating of the palms of the hands and soles of the feet, for I consider if there is an improvement in the characteristic clammy feel in these areas the patient is recovering from the active stage of the disease.
It would take too long to give a detailed account of each case, but I am selecting four from this series in order to call attention to interesting points.
Case 5.-A woman at or about the menopause. She had had two normal confinements. Rheumatism began in 1934. Wrists, shoulders and elbows were affected; diagnosis confirmed by X-rays. She had sulphur water and magnesia water to drink, sulphur baths and massage and 6 injections of progynon, of 10,0000 units. She was in hospital twenty-seven days, and the sedimentation rate showed a drop of 4-5 mm.
Case 8.-A woman who had two children and had had two miscarriages. Typical rheumatoid picture, with a lag type of glucose tolerance test. She did not have sulphur water or sulphur baths, and she was very debilitated. She had 3 injections of solganol. In spite of slight increase in weight she gave no other signs of improvement alnd I considered that she would become a chronic invalid. Later I had a talk with her doctor anddiscovered that her home conditions were bad; she lived in ani isolated farmhouse in a bleak spot on the moors and her husband was an uncouth bullying type of man. This no doubt accounts for the bad prognosis.
Case 11.-A woman who had had two children and a self-induced abortion. Typical rheumatoid; hands, feet and knees involved. She had sulphur water and magnesia water to drink and sulphur baths, Berthollet steam-baths, wax and massage. She made great strides during the twenty-six days in hospital, in every way, but her sedimentation rate was much worse and I think she will relapse in due course.
Case 23.-A woman who had had eight children and a five years' history of typical rheumatoid arthritis involving hands, knees, feet, shoulders and elbows. She had sulphur and magnesia waters to drink and sulphur baths, Berthollet steam baths, radiant heat, massage and ferri et ammon. cit. mixture as her hfemoglobin was only 65%. She did not improve clinically and she lost 5i lb. in weight, yet her sedimentation rate showed the biggest drop in the whole series.
Turning now to the second group. All these patients had 100 grammes of glucose a day, in addition to the ordinary hospital diet, for a fortnight, beginning after they had been in hospital five days. This was in order to see if glucose would make the rheumatism worse and if it would have any effect on the sedimentation rate. I realize that the series is too small to allow of any conclusions being drawn, but comparing this group with the previous one some interesting points arise. Only four out of 11 showed improvement in the sedimentation rate at the end of their stay-giving 36% as against 76%-yet the average stay in hospital was eight days longer. In addition, seven cases were definitely worse clinically during the time they were taking glucose, especially during the second week. They had more pain and in most cases the active joints were more swollen. Only one of these (Case 20) showed any improvement in sedimentation rate, and that only slight. In this series Dr. Collins carried out more than two estimations and we noticed that during the first week of glucose ingestion the rate remained the same or tended to improve, but after that began to go up. This lag, I think, accounts for the relatively poor percentage in this group, because the clinical improvement at the end was just as good as in the first group.
Three cases which showed improvement are worthy of more detailed notes:
Case 13.-This may eventually prove to be a case of true focal arthritis, for though the joint lesions were typical of the rheumatoid type the patient had had her tonsils and septic teeth removed three months before admission and was beginning to improve, and during her stay in hospital the hiemoglobin rose from 76% to 98%.
